Abstract: Non-traditional indicators of socioeconomic status (SES; e.g., home ownership) may be just as or even more predictive of health outcomes as traditional indicators of SES (e.g., income). This study tested whether fi nancial strain (i.e., diffi culty paying monthly bills) predicted medication non-adherence and worse self-rated health. Research assistants administered surveys to 1,527 patients with acute coronary syndromes or acute decompensated heart failure. In adjusted models, having a higher income was associated with being more adherent (p < .001), but was non-signifi cant when adjusted for fi nancial strain. Education, income, less fi nancial strain, and being employed were each associated with better self-rated health (p < .001). Financial strain was associated with less adherence (β = -.17, p < .001) and worse self-rated health (β = -.23, p < .001), and mediated the eff ect of income on adherence (coeff = .078 [BCa 95% CI: .051 to .108]). Future research should further explore the nuanced link between SES and health behaviors and outcomes.
C ardiovascular disease (CVD) studies have identifi ed disparities by age, gender, and race/ethnicity in disease prevalence, management, and outcomes. [1] [2] [3] Socioeconomic status (SES) and medication adherence are particularly interesting factors that may underlie these disparities. For example, macro indicators of SES (e.g., education, income) and micro indicators of SES (e.g., owning a home, having a checking account) have predicted CVD outcomes and have explained racial/ethnic disparities in CVD outcomes. 4 In addition, medication adherence, the primary self-care behavior for patients with CVD, has explained both disparities in blood pressure control 5 and disparities in emergency room visits for heart failure exacerbation, heart failure and cardiac rehospitalization, and all-cause mortality. 6 For patients with CVD and heart failure, nonadherence to medications is common 7 and has been associated with an increased risk of adverse outcomes, including cardiovascular events, 8 hospitalizations 9 or readmission following a myocardial infarction, 10 as well as premature mortality. [10] [11] [12] Non-adherence is also associated with increased health care costs. 9, 13 Certain populations at greater risk for non-adherence include people who are younger, 3 female, 3, 14 have health literacy limitations, 15 are racial/ethnic minorities, 16, 17 have less education, 18 or have lower incomes. 19 Among lower-income groups, having a copayment for statin therapy has distinguished between patients who are more or less adherent to their medications, 20 suggesting a more nuanced relationship may exist between indicators of SES and medication adherence, and, separately, health status among people with CVD. However, few studies have operationalized SES using indicators beyond education and income-for example, fi nancial strain.
In 2014, the Institute of Medicine released a report recommending certain social and behavioral domains and measures be captured in the electronic health records (EHR). 21, 22 The committee selected 11 domains and measures based on adequate evidence of associations with health outcomes and the utility of having the information available within the EHR. Financial resources strain is to be assessed with a single question asking, "How hard is it for you pay for the very basics like food, housing, medical care, and heating? Would you say it is very hard, somewhat hard or not hard at all?" While there is no common metric for assessing fi nancial resource strain, asking a single question is accepted, freely available, and has a strong association with health status. 23 Recent research suggests non-traditional, micro indicators of SES such as fi nancial strain and owning a home may be just as or even more predictive of health status as traditional, macro indicators of SES (e.g., education, income). 4 Moreover, depending on both the disparity in question and the outcome of interest, macro and/or micro SES indicators may explain disparities in CVD-related outcomes. 4 In an eff ort to expand upon this work, this study tested whether a micro indicator of SES, specifi cally fi nancial strain operationalized as having diffi culty paying monthly bills, was associated with nonadherence to home medications and worse self-rated health among patients admitted to the hospital for a CVD-related event while controlling for macro indicators of SES (i.e., education and income). We also tested whether fi nancial strain is a mechanism linking macro SES indicators to medication adherence and self-rated health.
Methods
Participants. The Vanderbilt Inpatient Cohort Study (VICS) is a prospective cohort study of patients with CVD admitted to Vanderbilt University Hospital (VUH) in Nashville, Tennessee or Williamson Medical Center (WMC) in Franklin, Tennessee. Recruited patients were 18 years of age or older and hospitalized with a diagnosis of acute coronary syndrome (ACS) and/or acute decompensated heart failure (ADHF), as determined by medical record review conducted by a physician. Exclusion criteria consisted of severe cognitive impairment or altered mental status, unstable psychiatric illness, the inability to communicate in English, previously enrolled in the study, or being on hospice, too ill to participate in the interview (e.g., were intubated or were on severely sedative medications as determined by medical record review by research staff ), or discharged following eligibility screening. Patients enrolled in VICS from October 2011 to January 2014 were included in this analysis.
Procedures. Details of the VICS design and procedures have been described elsewhere. 24 In short, aft er providing written informed consent, participants completed a series of interviewer-administered baseline measures in their hospital room. The interview lasted 45 minutes. Trained research assistants (RAs) who performed these interviews collected data on a range of patient and social factors, including fi nancial strain, medication adherence, self-rated health, and demographic characteristics, prior health status, and socioeconomic status. All data were entered directly into the Research Electronic Data Capture (REDCap). 25 All study procedures were approved by the Vanderbilt University Institutional Review Board prior to participant enrollment.
Measures. Predictor variable. Financial strain. Financial strain was assessed with a single item asking participants, "How diffi cult is it for you (and your family) to pay your monthly bills?" Response options were 1 = not at all diffi cult, 2 = not very difficult, 3 = somewhat diffi cult, or 4 = very diffi cult.
Criterion variables. Medication adherence. Adherence to the home medication regimen was measured using a shortened, 7-item version of the 12-item Adherence to Refi lls and Medications Scale. 26 The ARMS-7 has a correlation coeffi cient of .95 with the full-length measure (ARMS-12 26 ), allowing us to decrease interview length while accurately assessing this concept. The ARMS measure asks patients to report adherence to refi lling prescriptions and taking their home medications in the past year. Response options are 1 = none of the time, 2 = some of the time, 3 = most of the time, or 4 = all of the time. The total ARMS-7 score is a continuous value ranging from 7 to 28, with higher scores indicating more problems with adherence. For ease of interpretation, we reverse scored the ARMS items so higher scores indicated better adherence (or fewer problems with adherence). If participants answered six, but not all seven of the questions, their overall score was scaled up using an average of the valid responses, allowing us to recapture missing values. The ARMS-7 was not administered to participants who reported not taking any medications (prescription or over-the-counter) prior to hospital admission.
Self-rated health. The fi rst fi ve items from the 10-item Patient-Reported Outcome Measurement Information System (PROMIS) Global Health Scale 27 constituted our measure of self-rated health. These items assess physical, mental, and social health status as well as quality of life on a 5-point Likert response scale. Response options are 1 = poor, 2 = fair, 3 = good, 4 = very good, or 5 = excellent. The last fi ve items assess domains (e.g., pain) that are likely to fl uctuate among acutely ill hospitalized patients and were not administered in the baseline survey. The median and mean of all fi ve items was calculated, and higher scores indicated better self-rated health.
A priori covariates. Demographic characteristics. Age and gender data were collected from the electronic medical record prior to the interview, and self-reported race/ethnicity was collected during the interview. Self-reported race/ethnicity was dichotomized (0 = non-Hispanic White [NHW], 1 = Black, Hispanic, or other).
Prior health. Hospitalizations in the past year served as a proxy for prior health. Participants were asked, "How many times have you been hospitalized in the last 12 months, not counting this time?" To address this variable's non-normality, it was dichotomized into 0 = no hospitalizations and 1 = at least one hospitalization.
Socioeconomic status. Socioeconomic information such as educational attainment, employment status, and annual household income was also collected during the interview. Participants were asked to report the highest grade or year of school they had completed. Employment status was recorded as employed for wages (part-time or full-time), self-employed, retired, unable to work (disabled), out of work for more than one year, out of work for less than one year, or a homemaker. These categories were later collapsed into 0 = unemployed (retired, disabled, out of work, or homemaker) and 1 = employed (for wages or self-employed). Annual household income was selfreported and coded into one of nine possible categories, ranging from less than $10,000 to more than $100,000. We adapted this variable from the BRFSS (which uses eight income categories with the top category being 'more than '$75,000') by adding one more category (i.e., 'more than $100,000' because our prior work at this hospital had shown a large percentage of patients [~40%] in the top category of >$75K). We did not include insurance status because in our prior research at this hospital, insurance status was not associated with markers of self-care or outcomes.
Analyses. Analyses were performed using IBM SPSS Statistics for Windows, Version 21.0 (Armonk, NY: IBM Corp.). Cronbach's α assessed the internal consistency of the ARMS-7 and PROMIS Global-5. Medians, means, and standard deviations or frequencies summarized our observed variables. Spearman's rho correlation coeffi cients and a single Mann-Whitney test examined the bivariate relationships between fi nancial strain and medication adherence, medication adherence and self-rated health, fi nancial strain and self-rated health, and fi nancial strain and each macro indicator of SES (i.e., education, employment status, income). Finally, two four-step multiple linear regression models with pairwise deletion (to maximize all available data) tested the unique contribution of fi nancial strain in determining medication adherence and self-rated health aft er adjusting for a priori covariates at one of three steps. In our largest model, we estimated eight predictors with N = 1,527. Power is optimized to detect even a small eff ect with 30 participants per predictor, 28 and we had a ratio of 190.87 per predictor. First, ARMS-7 scores were regressed on demographic characteristics (age, gender, race/ ethnicity) in Step 1, prior health in Step 2, macro SES indicators (education, employment status, income) in Step 3, and fi nancial strain in Step 4. Second, PROMIS Global-5 scores were regressed on the same variables entered into the model at each of the four steps previously described. Finally, when the introduction of fi nancial strain in Step 4 reduced the eff ect of variables entered in Steps 1-3 on the outcome of interest, tests for indirect eff ects with bootstrapped (5,000 samples) bias-corrected and accelerated (BCa) confi dence intervals 29, 30 were performed to test whether fi nancial strain mediated the relationship between the predictor and the outcome.
Results
Of the 6,719 patients admitted for ACS and/or ADHF from October 2011 to January 2014, 3,645 (54.2%) were not eligible for enrollment for reasons such as being discharged, too ill, previously enrolled, or having impaired cognition. Trained RAs approached the 3,074 eligible patients and 1,132 declined additional screening. Of the 1,942 fully eligible patients, RAs enrolled 1,545 (79.6%), as 397 patients were either discharged aft er they had been screened or elected to not participate aft er the details of informed consent. Finally, 18 patients were withdrawn because they either did not complete the baseline interview or asked to be removed from the study, resulting in 1,527 participants included in this analysis. As shown in Table 1 , participants were on average 59.97 ± 12.79 years old and predominately non-Hispanic White (81.7%). The majority of participants were male (56.2%), had some college education (54.6%), and had an annual household income greater than 35K (50.1%). Two-thirds of participants were unemployed (67%), and nearly two thirds had a diagnosis of ACS (63.3%). More than half (52.8%) of participants reported being hospitalized at least once in the past year. Participants were relatively adherent to their home medications (a median of 26 on a 7-28 scale), and rated their health as average (a median of 3.0 on a 1-5 scale). In our sample, the ARMS-7 was both unidimensional and internally consistent with a Cronbach's alpha of .93. Additionally, the PROMIS Global-5 was also unidimensional and internally consistent with a Cronbach's α of .83.
Spearman's rho and Mann-Whiney U tests examined bivariate relationships. Having more fi nancial strain was signifi cantly associated with less medication adherence (Spearman's ρ = -.24, p < .001). Medication adherence was signifi cantly associated with better self-rated health (Spearman's ρ = .21, p < .001), but medication adherence did not mediate the relationship between fi nancial strain and self-rated health in unadjusted (indirect eff ect = -.022 [BCa 95% CI: -.034 to -.013]) or adjusted analyses (indirect eff ect = -.016 [BCa 95% CI: -.027 to -.009]). In addition, having more fi nancial strain was signifi cantly associated with having less education (Spearman's ρ = -.26, p < .001), being unemployed (2.44±1.13 vs. 2.18±1.03, p < .001), and having a lower income (Spearman's ρ = -.47, p < .001), and worse self-rated health (Spearman's ρ = -.37, p < .001).
According to a four-step hierarchical linear regression model, being younger and being a racial/ethnic minority was signifi cantly associated with less medication adherence in all four steps, whereas being female was signifi cantly associated with more medication adherence in the last two steps, aft er macro and micro SES indicators were in the model. Prior health, education, and employment status were not associated with medication adherence at any step. In Step 3, having more income was signifi cantly associated with more adherence (p < .001), but that relationship was reduced to nonsignifi cance when fi nancial strain was introduced in Step 4. In Step 4, having more fi nancial strain was signifi cantly associated with less adherence (β = -.17, p <.001), explaining 2.1% of unique variance in ARMS-7 scores (Total R 2 = 11.5%). Table 3 presents the indirect eff ects of income on medication adherence via fi nancial strain. Having more income was associated with being more adherent (total eff ect, p < .001), but this relationship was attenuated to non-signifi cance when adjusted for fi nancial strain (direct eff ect, p = ns), such that income was related to adherence via fi nancial strain (indirect eff ect = .078 [BCa 95% CI: .051 to .108]).
According to a second four-step hierarchical linear regression model (see Table 4 ), male gender was associated with worse self-rated health in Steps 1 and 2, but this relationship was no longer signifi cant when SES variables were introduced in Step 3. Race/ ethnicity was not related to self-rated health at any step. By Step 4, reporting worse prior health was associated with worse self-rated health, and older age and higher SES Table 2 .
HIERARCHICAL MULTIPLE REGRESSION MODELS PRESENTING THE UNIQUE CONTRIBUTION OF FINANCIAL STRAIN ON MEDICATION ADHERENCE

Predictors
Step 1 Demographics
Step 2
+ Prior health
Step 3 + SES
Step 4
+ Financial strain
Step 1 ΔR .01
.02
Step 3 ΔR .08
.09
.11
Notes. SES = socioeconomic status a dichotomized as 0 = no hospitalizations or 1 = at least one hospitalization in the past year *p < .05; **p < .01; ***p < .001
were each associated with better self-rated health (all p < .001). Furthermore, having more fi nancial strain was signifi cantly associated with worse self-rated health (β = -.23, p <.001), explaining 3.8% of unique variance in self-rated health scores (Total R 2 = 26.2%). The introduction of fi nancial strain in Step 4 did not change the relationships between variables entered into the equation at Steps 1-3 and self-rated health, so indirect eff ect tests were not performed to test for fi nancial strain as a mediator of those relationships.
Discussion
This study examined the relationships between fi nancial strain, medication adherence, and self-rated health in a large sample of patients hospitalized for acute coronary syndrome and/or acute decompensated heart failure. Participants reporting more fi nancial strain were signifi cantly less adherent to their home medications, and this eff ect persisted aft er adjustment for demographic characteristics, prior health care utilization, and traditional, macro indicators of SES. Financial strain was also independently associated with worse self-rated health, aft er adjustment for the same covariates. This research both supports the IOM's recent recommendation to measure fi nancial resource strain in EHRs 21, 22 and sheds light on the importance of perceived fi nancial circumstances, in this case diffi culty paying bills, above and beyond traditional markers of SES such as education, employment status and income. Table 4 .
HIERARCHICAL MULTIPLE REGRESSION MODELS PRESENTING THE UNIQUE CONTRIBUTION OF FINANCIAL STRAIN ON SELF RATED HEALTH
Predictors
+ Prior health
+ Financial strain
Step 1 ΔR .02
.00
Step 2 ΔR Furthermore, fi nancial strain mediated the relationship between income and medication adherence, but did not mediate the relationships betweem income (employment status or education) and self-rated health. In this latter instance, the traditional markers for SES, education, employment status and income, remained signifi cantly associated with self-rated health along with fi nancial strain. When it comes to adhering to one's medication regimen, the actual amount of annual income a person has is apparently not as critical as whether or not that amount is suffi cient to meet one's monthly expenses. To our knowledge, this is one of the fi rst reports of the critical role that discrepancies between income and expenses (i.e., fi nancial strain) plays in understanding why patients with heart disease might not take their medications as prescribed.
There were other fi ndings related to medication adherence worth noting. Older age was associated with better adherence, a fi nding consistent with other studies. 3, 14 Female gender was associated with better adherence, which is inconsistent with a few other studies reporting the opposite relationship. 3, 17, 18, 31 However, this relationship did not become signifi cant until SES indicators were entered into the model. In addition, being a racial/ethnic minority was signifi cantly associated with being less adherent, as reported consistantly in the literature. 16, 17 Interestingly, in this sample, race/ethnicity was unrelated to self-rated health, as was gender, once prior health was entered in the model in Step 3. Without controlling for prior health, however, males rated their health more favorably than females did.
Cost-related underuse of medications is a widespread problem regardless of the health context. In a representative sample of older adults in the U.S., 20% reported cost-related nonadherence and fi nancial stress, operationalized as having a higher out-of-pocket payment for medications and a lower net worth, and each of these were signifi cantly associated with nonadherence. 32 People reporting cost-related underuse of medications are also more likely to be hospitalized than those who do not report this reason for medication underuse. 33 Providing full drug coverage improves medication adherence among both racial/ethnic minorities and Whites, but the health benefi ts for minorities are profound, with a reduction in major cardiovascular events or revascularization by 35% and reduced health care spending by 70%. 34 There are several study limitations to acknowledge. First, participants were recruited from an academic medical center and an affi liated community hospital, had a relatively high SES on average, and only 18% of participants were members of a racial/ethnic minority group. The nature of the study population may limit generalizability, particularly to settings with patients that have lower SES or a high percentage of racial/ethnic minorities. Second, though validated measures were employed, outcome variables were self-reported and may be subject to social desirability. We also shortened the ARMS, and our results may be limited by skewed responses to this measure for participants who did not answer all questions (i.e., a dilution eff ect). Finally, the variable no hospitalizations versus as least one hospitalization in the past year was used as a proxy for health status, and, for patients with multiple admissions, interviewing at the fi rst admission would impact this proxy.
Balancing out those limitations, however, were a number of strengths. Our sample size was relatively large and, in this referral center, consisted of patients from over 15 diff erent states, spanning 150 diff erent counties. There was a high rate of enrollment from eligible patients. Finally, the survey includes patients hospitalized with two different, but prevalent conditions, ACS or ADHF, thus increasingly the likelihood the fi ndings apply broadly to cardiovascular patients.
In summary, having diffi culty paying monthly bills determined medication nonadherence and worse self-rated health beyond age, gender, race/ethnicity, education, employment status and income. Our fi ndings are consistent with recent literature suggesting nontraditional indicators of SES such as whether someone has a checking account 4 or lives in a higher SES community 35 (e.g., determined by proportion of car and home owners, welfare recipients) are important predictors of CVD outcomes. Our study particularly adds to a limited literature examining the link between nontraditional SES indicators, specifi cally fi nancial strain, and health behaviors 36 and self-rated health. 37 Linking fi nancial strain to CVD outcomes and their disparities highlights the need for socio-medical interventions such as improving access to aff ordable medications and upstream social policies to promote equity. Research to further this agenda must adequately measure the more nuanced aspects of SES.
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